INTRODUCTION
Since the beginning of the 1990th agriculture have encountered climate changes which manifested themselves by dry years, less snowy winters and rapid floods even in small rivers. It posed periodical problems in water management because Poland is a country of relatively small water resources and their variable spatial distribution. Actions were undertaken to slow down or hamper water outflow from natural and artificial running waters, to store waters in small reservoirs and terrain depressions and to increase the retention of water in soils and aquifers. In Poland such actions are termed "small retention" as opposed to water retention in large reservoirs for power production, flood control, drinking water intakes for large cities etc.
Basic data on small retention programmes in the country and on results of its implementation in the years 1997-2007 are given in this paper. DOI: 10.2478/v10025-009-0012-y ASSUMPTIONS OF THE SMALL RETENTION PROGRAMME -VOIVODSHIP PROGRAMMES Development of small retention in the country started in the year 1995 as a result of the agreement between the ministries of agriculture and environment [Porozumienie…, 1996 ] which agreed on various common actions aimed at improving the availability of water resources. The programme had to be accomplished to the year 2015.
Each voivodship was obliged to elaborate the programme of small retention development which would consist in the construction, reconstruction and modernisation of water storage facilities of a maximum capacity of 5 million m 3 (usually, however, not exceeding 1 million m 3 ). Moreover, it was agreed that particular programmes should: − facilitate the reduction of surface runoff through planting forests and midfield woods, − stop degradation of the existing and start the construction of new reclamation facilities, particularly those intended for irrigation, water lifting and hampering rapid water outflow, − consider the possibility of flood control, − locate the objects in places appropriate for increasing the recharge of aquifers, − consider the motions of local communities (communes, farmers), − be agreed on with regional boards of water management.
Most of 49 programmes were prepared in 1996 with the consideration of the then administration division into voivodships. Programmes were mainly elaborated by voivodship boards of land reclamation and water facilities but also by construction design companies and scientific institutions associated with reclamation and water management, Proposals presented by particular voivodships were quite variable as to the general concept of actions, various elements of small retention, detail of information, environmental impact, costs and the assessment of economic efficiency. Planned increase of the volume of retained water was mainly based on small reservoirs (ponds) where c. 860 million m 3 had to be stored in 4 789 reservoirs. Damming 620 lakes would increase water retention by 263 million m 3 and water lifting in basic and detailed reclamation network would bring additional 18 million m 3 . Up to the year 2015 water storage within the programme of small retention was forecasted at c. 1 141 million m 3 . Large reservoirs (>5 million m 3 ) store c. 3 396 million m 3 in the country [Ochrona…, 2006] . So, planned increase of water storage capacity is c. 1/3 of the present volume. The amount of planned retention (acc. to present administration division of the country) is shown in Figure 1 . Large discrepancy can be observed between particular regions. In general, planned retention should follow largest needs arising from water deficits [Potrzeby…, 1996] , which is in part reflected ( Fig. 1 ) by data for voivodships in the following order: lubelskie, mazowieckie, kujawsko-pomorskie, wielkopolskie and lubuskie. Exceptionally high retention volumes planned for pomorskie voivodship and relatively high -for zachodniopomorskie voivodship result probably from favourable location of small reservoirs along numerous rivers of these voivodships. Administrative reform performed in 1998 with 16 newly created voivodships hindered practical application of the programmes. Therefore, new programmes based on former locations of objects but considering new conditions (changes in the legal status, climate changes, and possibilities of financial support from EU funds) were later prepared in some voivodships.
ACCOMPLISHMENT OF THE SMALL RETENTION PROGRAMME BETWEEN 1997 AND 2007
During eleven years 727 small reservoirs were constructed, 4 lakes were dammed, 1551 ponds were built and 672 and 412 constructions were made in basic and detailed reclamation networks, respectively [Wykonanie…, 2007] . The number of most important objects created in particular years is presented in Figure 2 . Great differences in the range of project implementation can be seen between years due It is only 12.4% of that planned up to the year 2015 (in the whole country) which makes mean annual increment of c. 13 million m 3 . These volumes are over 4 times less than the mean planned annual increment of retention volume of 60 million m 3 . In eleven years only channel retention overcame the planned mean increment of retention volume. Much smaller increment was found in lake damming (21.7%) and very small (8.7%) in water retention in man-made water reservoirs and ponds (Tab. 1). Mean volumes of retained water per one object in a given year were also compared. The values are differentiated for particular elements of small retention (Fig.  4) . The largest volumes were obtained when damming lakes. In that case the mean retention increment per lake in the first years (up to 2002) did not exceed 600 thousand m 3 . In the next two years it was nearly 3 million m The share of particular financial sources in the years 1997-2007 is presented in Fig. 5 . As can be seen, the largest sums were spent from the budget of voivodships, voivodship funds for environmental protection and water management, and from the so-called other sources. In total 601 million zł were spent in the study period which makes a mean annual expenditure of c. 55 million zł.
The largest means (393 million zł i.e. 65.4% of the whole costs of small retention) were allocated for the construction of reservoirs, next costly were the water lifting constructions in basic reclamation network -106 million zł (17.6%). Detailed partitioning of financial means is given in Figure 6 . Unit costs of obtaining 1 m 3 of retained water may be a useful index in planning investments associated with small water retention (Fig. 7) . Up to the year 2006 the most effective (0.06 do 0.54 zł·m -3 ) method was lake damming. It was a result of relatively low inputs to lake retention (no need to prepare lake basin, small scale of protecting the surrounding areas, even small dam sufficient to lift outflowing water). When the possibilities of increasing lake retention at low costs were exhausted the unit cost of obtaining 1 m 3 of retained water markedly increased in 2007 as compared with the previous years. In the case of fishponds the unit cost varied between 2.08 and 5.79 zł·m -3 . The highest costs were allocated to the construction of artificial reservoirs and varied, depending on the year, from 3.63 to 19.60 zł·m -3 . It was associated with the location of reservoirs, coverage of the basin, possible purchase of the grounds, size of lifting construction, the need of undertaking some protective measures etc.
As already mentioned (Fig. 1) quite differentiated plans were prepared in various regions of the country. It was also reflected in realisation of the small retention objects in 16 new voivodships (data since 1998 - Table 2 ).
The largest increments in retention capacity were obtained in wielkopolskie (c. 37 million m 3 ) and kujawsko-pomorskie (c. 16 million m 3 ) voivodships respectively to the greatest needs for water retention [Potrzeby…, 1996] . The retention capacity raised slightly less in warmińsko-mazurskie (12.1 million m Figure 8 for all voivodships. Figure 9 presents the percent of obtained rise in water retention in relation to planned increase in particular country regions. The percent varied from 1.5% in podkarpackie to 36.5% in warmińsko-mazurskie voivodship. Regions with less than 10% of project accomplishment prevail in the country. It means that water retention problems are not equally appreciated. Main attention is focussed on large, chiefly flood control, reservoirs. Possibilities of water retention in the reclamation systems are also not fully exploited. At present, these systems contribute in less than 7% to the structure of water retention increments. Water reclamation facilities (natural streams, channels, ditches) have a total length of 355 thousand km. Hampering outflow from part of these systems, even at water lifting by less than 1 m, affects both surface and groundwater retention. If water retention increases on half of agricultural grounds (10 million ha) by only 20 cm, the storage of water in soil would reach c. 2 billion m 3 [MIODUSZEWSKI, 1994] . Agriculture is one of the main Apart from the storage of surface waters, small retention objects could be used for recreation, fishery, angling, agriculture and fire control. Relatively small is their role in flood control though the objects might be important in small catchment basins with many reservoirs during summer floods [SZYMCZAK, KOWALEWSKI, 2001] . Immeasurable are the natural and ecological consequences of small retention objects including river restoration, water quality improvement, restriction of hydrogenic soil degradation, and creation of new habitats for waterfowl, amphibians and fish.
CONCLUSIONS
Presented data on planned and accomplished actions in the scope of small water retention in Poland allow for formulating the following statements and conclusions: − planned increase of water retention within the programmes of small retention up to the year 2015 involves 1/3 of the country reservoir retention; − after more than half of the accomplishment period (years 1997-2007) the volume of obtained retention is c. 142 million m 3 i.e. slightly more than 12% of the planned. The main reason is low financial inputs but also complex formal procedures before realisation of an object due to legal restrictions associated mainly with environmental protection; − up to now (2007) total sum of financial outlays spent on the accomplishment of small retention objects is 601 million zł which makes the mean annual input equal to 55 million zł. Characteristic are in this context the losses in agriculture caused by the drought during vegetative season 2006 estimated at 6.1 billion zł; − the increase of financial outlays for actions associated with water retention is reasonable since dry periods may occur more often due to climatic changes. Losses caused by these changes largely overcome the costs of realisation; − attention should be focussed on multiple biological consequences of small water retention.
